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Background—It is unknown whether short sleep duration, obstructive sleep apnea, and overnight shift work are associated with
the risk of recurrent cardiovascular events in patients after an acute coronary syndrome.

Methods and Results—SOLID-TIMI 52 (The Stabilization of PLaques UsIng Darapladib-Thrombolysis in Myocardial Infarction 52
Trial) was a multinational, double-blind, placebo-controlled trial that enrolled 13 026 patients <30 days of acute coronary
syndrome. At baseline, all patients were to complete the Berlin questionnaire to assess risk of obstructive sleep apnea and a sleep
and shift work survey. Median follow-up was 2.5 years. The primary outcome was major coronary events (MCE; coronary heart
disease death, myocardial infarction, or urgent revascularization). Cox models were adjusted for clinical predictors. Patients who
reported <6 hours sleep per night had a 29% higher risk of MCE (adjusted hazard ratio, 1.29; 95% confidence interval, 1.12—1.49;
P<0.001) compared with those with longer sleep. Patients who screened positive for obstructive sleep apnea had a 12% higher risk
of MCE (1.12; 1.00—1.24; P=0.04) than those who did not screen positive. Overnight shift work (>3 night shifts/week for >1 year)
was associated with a 15% higher risk of MCE (1.15; 1.03-1.29; P=0.01). A step-wise increase in cardiovascular risk was observed
for individuals with more than 1 sleep-related risk factor. Individuals with all 3 sleep-related risk factors had a 2-fold higher risk of
MCE (2.01; 1.49-2.71; P<0.0001).

Conclusions—Short sleep duration, obstructive sleep apnea, and overnight shift work are under-recognized as predictors of
adverse outcomes after acute coronary syndrome. Increased efforts should be made to identify, treat, and educate patients about
the importance of sleep for the potential prevention of cardiovascular events.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01000727. (J Am Heart Assoc. 2017;6:
€006959. DOI: 10.1161/JAHA.117.006959.)
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nadequate sleep, whether caused by reduced sleep
duration or obstructive sleep apnea (OSA), and recurrent
circadian disruption induced by night shift work adversely
affect cardiovascular regulation™? and are associated with an

44% of night shift workers report sleeping, on average, 6 or
fewer hours on work nights.® Short sleep duration has been
associated with increased risk for incident calcification of the
coronary arteries,® incident stroke,” coronary heart disease,’

increased risk of incident cardiovascular disease and death.>*
Thirty percent of employed adults in the United States and

and death.®? In addition, prevalence of OSA has risen over the
past 2 decades in the United States to an estimated 34% in
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Clinical Perspective

What Is New?

* Past studies have not examined the clinical relevance of
reduced sleep duration or sleep disruption in patients after
an acute coronary syndrome.

The current study demonstrates that short sleep duration,
obstructive sleep apnea, and overnight shift work are
independently associated with an increased risk of adverse
cardiovascular outcomes through long-term follow-up.
Moreover, the presence of >1 of sleep-related risk factors
demonstrated an additive effect on cardiovascular risk.

What Are the Clinical Implications?

Clinicians should be made aware of the observed associ-
ation between short sleep duration and disrupted sleep and
the risk of recurrent cardiovascular events after an acute
coronary syndrome.

Short sleep duration, obstructive sleep apnea, and a history
of shift work should be routinely assessed in patients after
an acute coronary syndrome.

Increased efforts should be made to identify, treat and
educate patients about the importance of sleep for the
potential prevention of recurrent cardiovascular events after
an acute coronary syndrome.

men and 17% in women.'® In turn, OSA is associated with
incident ventricular arrhythmias,'' incident cardiovascular
risk,* stroke,'® and all-cause mortality.'>"® Misalignment
between the timing of the sleep-wake cycle and endogenous
circadian rhythms impairs cardiovascular regulation,® and
night shift work is associated with hypertension'*'® and
incident cardiovascular disease, including fatal and nonfatal
myocardial infarctions (MIs).'® The adverse health conse-
quences associated with short sleep duration, OSA, and shift
work are similar, but it is not yet known whether they share
common mechanisms of action.'”

In particular, high-risk patients warrant further study.
Patients are at increased risk of adverse outcomes after an
acute coronary syndrome (ACS). However, it remains
unknown whether sleep and circadian disruption may further
increase cardiovascular risk in patients recovering from an
ACS event. We therefore prospectively hypothesized that
there would be an association between short sleep duration,
OSA, overnight shift work, and cardiovascular events in a
large population of ACS patients.

Methods

The design and results of the SOLID-TIMI 52 trial (Stabilization
of Plaques Using Darapladib-Thrombolysis in Myocardial
Infarction 52; ClinicalTrials.gov NCT 01000727) have been

previously reported.'®' In brief, the SOLID-TIMI 52 trial was
a double-blind, placebo-controlled phase 3 trial that enrolled
13 026 patients across 868 sites in 36 countries and
randomized them to the investigational therapy, darapladib
(an Lp-PLA; inhibitor), versus matching placebo. To be eligible
for participation in the study, patients had to: (1) have been
hospitalized within 30 days or fewer with an ACS and (2) have
1 additional cardiovascular risk factor (eg, age of at least
60 years, history of Ml before the qualifying event). The trial
was approved by the Partners Human Research Committee
and all relevant institutional review boards worldwide. All
participants provided written informed consent.

At the randomization visit (median 14 days post-ACS),
each participant was to complete a short questionnaire about
their sleep and shift work habits. To assess sleep duration,
participants were asked, “On average, how much sleep do you
get in 24 hours?” This question was very similar to the
validated Behavioral Risk Factor Surveillance System question
on sleep duration.?° The validated Berlin Questionnaire was
completed and standard scoring was used to designate
individuals at increased risk of OSA regardless of whether or
not they had a known history of OSA.?" The Berlin Question-
naire is scored as at risk for OSA if 2 of the 3 categories are
positive (snoring and cessation of breathing, symptoms of
excessive daytime sleepiness, and hypertension/body mass
index [BMI] >30 kg/m?; see Figure S1 for questionnaire). In 8
small studies of cardiovascular or cerebrovascular disease
patients, the specificity (26—76%) and sensitivity (40—-93%) of
the Berlin questionnaire varied depending on the apnea—
hypopnea index thresholds and definition of hypopnea.?? Shift
work history was also queried (“How many years have you
worked at least THREE overnight shifts per week?”).

Outcomes

The primary outcome for the trial was major coronary events
(MCE; coronary heart disease death, MI, or urgent coronary
revascularization for myocardial ischemia). Additional out-
comes of interest for this analysis included major adverse
cardiovascular events (MACE; cardiovascular death, MI, or
stroke), MI (fatal or nonfatal), cardiovascular death, and all-
cause mortality. All deaths, cardiac ischemic events, and
cerebrovascular events were adjudicated by a clinical events
committee who were blinded to treatment arm.

Statistics

Baseline characteristics were compared using the Wilcoxon
rank-sum test for continuous variables and y? test for
categorical variables. Prespecified dichotomous thresholds
were applied to each sleep parameter to define short sleep
duration (<6 hours), increased risk of OSA (high risk of OSA
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ACE indicates angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; IQR, interquartile range.

on Berlin questionnaire'?), and circadian rhythm disruption
(=1 year working at least 3 overnight shifts per week).
Additional sensitivity analyses applied alternate sleep duration
thresholds including <7 hours and >9 hours.?® Kaplan—Meier
event rates are reported at 3 years. Cox proportional hazards
models were adjusted for age, sex, current smoker, race
(white versus nonwhite), region, BMI, hypertension, hyperlipi-
demia, diabetes mellitus, past MI, past percutaneous coronary
intervention, index diagnosis (ST-elevation myocardial infarc-
tion versus non-ST-elevation ACS), days from qualifying event,
catheterization for qualifying event, baseline low-density
lipoprotein cholesterol cholesterol, Lp-PLA, activity, baseline
estimated glomerular filtration rate <60 mL/min per 1.73 m?,
and randomized treatment arm. An integer risk score (0-3)
was created based on the number of sleep-related risk factors
that were present (OSA risk, sleep duration, and shift work).
All tests were 2-sided with P<0.05 considered significant. All
statistical computations were done with the SAS System
(V9.3, 2010; SAS Institute Inc, Cary, NC).

Results

Overall, median age of the study population was 64 years and
74.5% were male. Patients with an elevated risk of OSA
tended to be younger, white, and tended to have a higher BMI
and a higher prevalence of hypertension and hyperlipidemia
(Table). Patients with fewer hours of sleep tended to be
younger, female, and nonwhite with higher BMI and more
likely to have a history of hypertension and hyperlipidemia.
Those individuals with more overnight shift work were more
likely to be younger, male, and white, with higher BMI, and
have a history of hypertension and hyperlipidemia (Table).

Mean reported sleep duration was 7.4 (+1.5) hours
(median=7.5 hours), with 9.7% of patients reporting that they
slept fewer than 6 hours daily. After multivariable adjustment,
patients who reported sleeping fewer than 6 hours per night
had a 29% higher risk of MCE (adjusted hazard ratio [adj HR],
1.29; 95% confidence interval [Cl], 1.12—1.49; P=0.001) and a
15% higher risk of MACE (adj HR, 1.15; 95% Cl, 0.98-1.35;
P=0.08) than those who reported sleeping 6 hours or more per
night (Figure 1). Risk of MI (adj HR, 1.13; 95% Cl, 0.93-1.37;
P=0.20) and all-cause mortality (adj HR, 1.03; 95% Cl, 0.8, 1.32;
P=0.83) were not significantly increased in patients who
reported sleeping fewer than 6 hours per night. Sensitivity
analyses comparing <7 hours of sleep to those with a normal
sleep duration (7—9 hours) yielded qualitatively consistent
results (MCE: adj HR, 1.18; 95% CI, 1.06—1.31; P=0.003;
Table S1). Conversely, prolonged sleep duration >9 hours was
associated with an increased risk of both all-cause mortality
(adj HR, 1.38; 95% Cl, 1.08—1.74) and cardiovascular death (adj
HR, 1.41; 95% Cl, 1.05—1.9), including directionally consistent
results for Ml and stroke (Table S2).
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Figure 1. Adjusted risk of cardiovascular events based on
reported sleep duration. Fewer than 6 hours of nightly sleep is
indicated with a black bar and 6 hours or more with a gray bar.
adj HR indicates adjusted hazard ratio; CHD, coronary heart
disease; CV, cardiovascular; MACE, major adverse cardiac events;
MCE, major coronary events; MI, myocardial infarction.

Of the 12 924 patients who completed the Berlin
questionnaire, 37.4% (4840) screened positive for OSA.
Within this group, by medical history, only 862 patients were
reported to have a confirmed diagnosis of OSA at baseline
and of whom 344 patients were described to be using
noninvasive ventilation for OSA. After multivariable adjust-
ment, patients at increased risk of OSA had a 12% higher risk
of MCE (adj HR, 1.12; 95% Cl, 1.00-1.24; P=0.04) and 13%

higher risk of MACE (adj HR, 1.13; 95% CI, 1.01-1.27;
P=0.03). Patients who screened positive for OSA had a
borderline 14% higher risk of Ml (adj HR, 1.14; 95% CI, 1.00—
1.31; P=0.05) than patients who did not screen positive for
OSA (Figure 2). All-cause mortality (adj HR, 0.99; 95% ClI,
0.84—1.17; P=0.89) was not significantly increased in patients
who screened positive for OSA.

At least 1 previous year of overnight shift work (>3
overnight shifts per week) was reported in 22.3% of the
patients. Of those patients, 44.0% had worked overnight shifts
for 1to 5 years, 21.1% for 6 to 10 years, and 34.8% for more
than 10 years. After multivariable adjustment, those patients
who reported working overnight shifts for at least 1 year had
a 15% increased risk of MCE (adj HR, 1.15; 95% Cl, 1.03—1.29;
P=0.01), a 12% increased risk of MACE (adj HR, 1.12; 95% ClI,
1.00-1.27; P=0.06) and a 21% increased risk of Ml (adj HR,
1.21; 95% Cl, 1.04—-1.39; P=0.01) than those who did not
report working overnight shifts (Figure 3). All-cause mortality
risk was not increased in patients reporting overnight shift
work (adj HR, 1.07; 95% Cl, 0.89—1.29; P=0.44).

An integer risk score was created for individuals who had
>1 sleep-related risk factors (risk of OSA, short sleep
duration, or circadian disruption associated with shift work).
A step-wise increase in risk of MCE was observed for
individuals with increasing sleep risk score, including >2-fold
higher risk of MCE for individuals with all 3 sleep-related risk
factors (adj HR, 2.01; 95% Cl, 1.49-2.71; P<0.001) versus
those with none. Similarly, individuals with 3 sleep-related risk
factors were at increased risk of MACE (adj HR, 1.66; 95% ClI,
1.18-2.33; P=0.004), MI (adj HR, 1.81; 95% CI, 1.23-2.67;
P=0.003), all-cause mortality (adj HR, 2.01; 95% Cl, 1.22—

adj HR 1.12, 1.00-1.24 adj HR 1.13, 1.01-1.27 adj HR 1.14, 1-1.31
p=0.04 p=0.03 p=0.05
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Figure 2. Adjusted risk of cardiovascular events based on risk
of obstructive sleep apnea (OSA) as assessed by the Berlin
questionnaire. Low risk of OSA is indicated by a gray bar and high
risk of OSA with a black bar. adj HR indicates adjusted hazard
ratio; CHD, coronary heart disease; CV, cardiovascular; MACE,
major adverse cardiac events; MCE, major coronary events; MI,
myocardial infarction.
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p=0.01 p=0.06 p=0.01
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Figure 3. Adjusted risk of cardiovascular events based on
history of overnight shift work. Patients with at least 1 year of
overnight shift work (>3 nights/week) are indicated with a black
bar. adj HR indicates adjusted hazard ratio; CHD, coronary heart
disease; CV, cardiovascular; MACE, major adverse cardiac events;
MCE, major coronary events; MI, myocardial infarction.
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Adjusted hazard ratio

MCE MACE All-cause CV death Mi(fatal or non-
mortality fatal)

Figure 4. Adjusted risk of cardiovascular events based on the
number of positive sleep-related factors (ie, risk of obstructive
sleep apnea, short sleep duration, and history of shift work). No
sleep-related factors is the referent group. One sleep-related risk
factor is indicated by an open bar, 2 sleep-related risk factors is
indicated by a gray bar, and 3 sleep-related risk factors is
indicated by a black bar (*P<0.01; *'P<0.001). CV indicates
cardiovascular; MACE, major adverse cardiac events; MCE, major
coronary events; Ml, myocardial infarction.

3.31; P=0.006), and cardiovascular death (adj HR, 2.53; 95%
Cl, 1.44-4.42; P=0.001; Figure 4).

Discussion

In our global, prospective study of over 13 000 patients who
recently suffered an ACS, we found that OSA, short sleep
duration, and overnight shift work were each independently
associated with increased risk of MCE. Furthermore, the
presence of multiple sleep-related risk factors led to an
additive increase in cardiovascular risk. With cardiovascular
disease being the leading cause of death worldwide overall**
and in those in the United States aged 65 years and older,?®
our results indicate that short sleep duration, OSA, and
recurrent circadian disruption induced by overnight shift work
may be detrimental to cardiovascular health outcomes in this
older population of post-ACS patients independent of tradi-
tional risk factors.

Sleep Duration

Almost 10% of this post-ACS patient cohort reported an
inadequate duration of sleep with fewer than 6 hours per
night, on average, and those individuals were found to be at
increased risk of MCE and MACE. Prevalence of inadequate
sleep duration in the current study is comparable to adults in
the general population who in the Multinational Time Use
Survey reported sleeping 6 hours or fewer in Norway (6%),
Italy (7%), Switzerland (7%), Sweden (5%), United Kingdom
(10%), and United States 9 (%).2° Epidemiological data have

demonstrated that sleep deficiency is associated with impor-
tant negative health consequences, including increased
incidence of obesity, diabetes mellitus, hypertension, and
cardiovascular events.?” 32 To that end, in the Sleep Heart
Health Study, risk of hypertension was higher in those
sleeping <6 hours (odds ratio, 1.66) per night compared with
7- to 8-hours sleepers.?’ Moreover, in hypertensive patients,
short sleep duration (<7.5 hours per night) is predictive of
incident stroke or MI (HR, 1.68).%" In the general population,
short sleep duration has also been shown to be associated
with the presence of coronary artery calcification.® Addition-
ally, among the general population, all-cause mortality has
been shown to be higher in short-duration (<5 hours per
night) and prolonged-duration sleepers (>9 hours) as com-
pared with those with more normal sleep duration.®*** Our
data suggest that the association between short sleep
duration and adverse cardiovascular events in the general
population holds true for post-ACS patients. Similarly,
prolonged sleep duration was associated with an increased
risk of both all-cause mortality and cardiovascular mortality. In
both instances, it remains unknown whether other comorbid
conditions that contribute to either shortened or prolonged
sleep may contribute to the observed findings, although the
relationship remained significant after adjustment for known
confounders.

Obstructive Sleep Apnea

We have found that more than 1 in 3 adults in this study
screened positive for OSA. This prevalence is generally
consistent with the reported OSA prevalence in the United
States of ~1 in 3 adult men and 1 in 6 adult women.'® Risk of
OSA has substantially increased over the past 2 decades and
increases with increasing age.'® Surveys of ~5000 police
officers®> and nearly 7000 firefighters®® revealed that more
than 80% of those identified at risk of OSA were undiagnosed
and untreated. Even in this population of ACS patients, who
likely have more extensive contact with physicians, 82% of
those who screened positive were undiagnosed and 93% were
untreated. Heart failure patients with OSA have a higher
readmission rates than heart failure patients without OSA.>”
In the general population, the observed relationship between
OSA and recurrent cardiovascular events in this post-ACS
population is consistent with previously reported associations
in the general population between OSA and incident cardio-
vascular health outcomes.*'"" '3

Overnight Shift Work

More than 20% of the ACS patient population reported
working overnight shifts for at least 1 year in their lifetime.
This is consistent with the ~15% of full-time workers in the
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United States who are shift workers; an estimated 8 million of
these shift workers regularly working during the overnight
hours.® Japan, Australia, the United Kingdom, and France
report similar rates of shift work.?* The current post-ACS
population with a history of overnight shift work was found to
be at increased risk of MCE, MACE, and MI. Overnight shift
work disrupts the alignment of the endogenous circadian
clock, responsible for the 24-hour rhythm of alertness,
physiology, and behavior, and is associated with daytime
sleep that is shorter and less consolidated.*® Past studies
have suggested that overnight shift work is associated with a
40% increase in the risk of cardiovascular disease,*' as well
as a higher prevalence of atherosclerosis,42 and increased
triglycerides.*® Night shift work within the past 5 years was
associated with an increased risk of MI.** The increased risk
of adverse cardiovascular outcomes in post-ACS shift workers
is consistent with these adverse outcomes in shift workers in
general.

Combination of Sleep-Related Factors

Notably, we found that the presence of multiple sleep-related
risk factors has an additive effect in regards to cardiovascular
risk. To our knowledge, this is the first study to evaluate the
cumulative impact of short sleep duration, OSA risk, and shift
work history on cardiovascular outcomes. Further investiga-
tion of these inter-related factors is important because these
sleep-related factors are often interconnected. For instance,
those who work overnight shifts often have reduced sleep
duration and quality during the daytime hours,*® and the
frequent awakenings in individuals with OSA may result in
overall shorter duration of sleep. Thus, it is important to
evaluate the combined effect of these sleep-related factors. It
should be noted that the ACS-patient population in this study
is already at very high risk for adverse cardiovascular
outcomes as compared with the general population. Given
the high likelihood of another cardiovascular event and the
associations we reveal in this study, we believe there is a
critical need to evaluate sleep-related interventions in the
post-ACS population.

Mitigating Risk

Empirically supported sleep health interventions may include
education on the importance of obtaining sleep of adequate
quantity and quality as a critical first step in improving sleep
health.?>*° Easily administered screening tools, such as the
10-item Berlin questionnaire that we used, together with
simplified diagnostic methods such as home sleep testing for
OSA,*® are becoming increasingly available and may be
appropriate for screening in post-ACS patients. Interventions
and education to treat sleep disorders, especially OSA, and to

increase sleep duration®” may prove to be effective in
reducing adverse cardiac events. Although a recent report
that 3.3 hours of nightly continuous positive airway pressure
did not prevent cardiovascular events in patients with
moderate-to-severe sleep apnea,*® the identification, diagno-
sis, and treatment of OSA should be further investigated. A
previous trial has shown that sleep was improved in ACS
patients by treating depressive symptoms.*’ Because of
demands for business to be conducted around the clock, the
need for overnight shift work will continue. Therefore,
mitigations must be made to stabilize sleep timing in order
to minimize circadian disruption and thereby improve daytime
sleep. These interventions should be evaluated in the
vulnerable post-ACS patient population.

Limitations

The study design was limited to a self-reported questionnaire,
and there was a lack of objective confirmation of these
reported sleep-related factors. We did not assess how
recently the overnight shift work was performed and whether
the frequency of shift work changed after their ACS. Further
research is required to determine whether more-recent
shiftwork confers greater risk in the post-ACS patient.
Although patients were followed for a median of more than
2 years, it is possible that additional cardiovascular risk would
be more apparent with time. Although we adjusted for
multiple variables, we cannot exclude the possibility of
residual confounding and therefore causality cannot be
definitively demonstrated. We also acknowledge that physi-
ological or behavioral mechanisms that are indirectly related
to sleep disorders may contribute to the elevated risk of
cardiovascular outcomes. These additional mechanisms may
include intermittent hypoxia in OSA, behavior, and lifestyle
factors in short sleepers and shift workers and impaired
metabolism in shift work. Further research should explore the
potential physiological link between sleep duration, sleep
disruption, sleep disorders, and cardiovascular risk.

The Berlin questionnaire has not been validated in a
population of post-ACS patients, but has been validated in
small studies of cardiovascular or cerebrovascular disease
patients.?? There could potentially be increased central sleep
apnea in heart failure patients or increased sleepiness
attributed to medical conditions, which might affect the
estimate on risk on this screening questionnaire. Further-
more, sleep habits may or may not have changed post-ACS.

Conclusion

In patients post-ACS, insufficient sleep, whether caused by
reduced sleep duration, OSA, or recurrent circadian disruption
induced by overnight shift work, is associated with an
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increased risk of recurrent cardiovascular events. These
sleep-related factors are not routinely assessed and, as such,
are under-recognized as important predictors of adverse
outcomes post-ACS. Increased efforts should be made to
educate patients and their healthcare providers about the
importance of sleep and sleep health. Given the elevated risk
of patients post-ACS, considerations should be made to
screen all post-ACS patients for sleep disorders and insuffi-
cient sleep in order to implement appropriate interventions
and patient education.*’
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Table S1. Adjusted risk of CV events based on reported sleep duration of <7 hours as compared to

reported sleep duration of <7 hours and < 9 hours

Sleep duration of <7 Sleep duration of >7 and Unadjusted Model Adjusted Model
hours <9 hours

Event fggaga“ﬂyee';[;(vo;"; Kap'i?',é’,";,eeig:segf,;)';t rate HR(95% CI) P value HR(95% CI) P value

MCE 591 (17.92) 1054 (14.82) 1.24(1.12,1.37) <.0001 1.18(1.06, 1.31) 0.003

MACE 515 (16.12) 977 (14.11) 1.15(1.04,1.28) 0.009 1.12(1,1.25) 0.05
AII-Cal_Jse 212 (6.46) 451 (6.94) 1.02 (0.86, 1.2) 0.84 1.07 (0.9, 1.26) 0.47
mortality
CV death 149 (4.73) 293 (4.26) 1.1(0.91, 1.35) 0.32 1.15(0.94, 1.42) 0.18
Mi 357 (11.42) 651 (9.7) 1.2 (1.05, 1.36) 0.006 1.12(0.98, 1.28) 0.11
Stroke 82 (2.71) 164 (2.4) 1.09 (0.83, 1.42) 0.54 1.08 (0.82, 1.43) 0.58

Age, sex, current smoker, race(white vs non-white), region, BMI, hypertension, hyperlipidemia, diabetes
mellitus, prior MI, prior PCI, index diagnosis(STEMI vs non-STE ACS), days from qualifying event,
catheterization for qualifying event, baseline LDL cholesterol, LpPLAZ2, baseline eGFR<60 and

randomized treatment arm were adjusted in the model.



Table S2. Adjusted risk of CV events based on reported sleep duration of >9 hours.

Sleep duration of
>%hours

Sleep duration of >7 and
<9 hours

Unadjusted Model

Adjusted Model

Event

Kaplan-Meier event
rate at 3 years (%)

Kaplan-Meier event rate
at 3 years (%)

HR(95% CI)

P value

HR(95% CI)

P value

Major
coronary
events
(MCE),

154 (18.03)

1054 (14.82)

1.25 (1.06, 1.48)

0.009

1.11 (0.93, 1.33)

0.24

Major
adverse
cardiac
events
(MACE)

156 (18.12)

977 (14.11)

1.37 (1.16, 1.63)

0.0002

1.17 (0.98, 1.4)

0.08

All-cause
mortality

93 (11.57)

451 (6.94)

1.74 (1.39, 2.18)

<.0001

1.38 (1.08, 1.74)

0.009

Cardiovas
cular
death
(Y]

62 (7.2)

293 (4.26)

1.79 (1.36, 2.35)

<.0001

1.41 (1.05, 1.9)

0.02

Myocardi
al
infarction
(M)

96 (10.98)

651 (9.7)

1.26 (1.02, 1.57)

0.032

1.1(0.88, 1.39)

0.40

Stroke

26 (3.41)

164 (2.4)

1.34 (0.89, 2.03)

0.16

1.14 (0.73, 1.77)

0.56

Age, sex, current smoker, race(white vs non-white), region, body mass index, hypertension,

hyperlipidemia, diabetes mellitus, prior Ml, prior percutaneous coronary intervention (PCI), index
diagnosis(ST-Elevation Myocardial Infarction (STEMI) vs non-STE ACS), days from qualifying event,
catheterization for qualifying event, baseline low-density lipoprotein (LDL) cholesterol, lipoprotein-

associated phospholipase-A2 (LpPLAZ2), baseline estimated glomerular filtration rate (eGFR)<60 and

randomized treatment arm were adjusted in the model.




Figure S1. Sleep Questionnaire for the SOLID-TIMI 52 Trial
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Sleep Questionnaire for the SOLID-TIMI 52 Trial

Instructions: You should complete the questionnaire yourself. If you have difficulty completing
the questionnaire by yourself, other people can help (for example, a family member, friend or your
study coordinator) by reading the questions to you and marking your answers for you.

1. Have you been told that you snore?

O YES
O NO
O DON’T KNOW

If you answered NO or DON’T KNOW to question 1, skip to question 5.

(Note: Answer 2, 3, and 4 only if you answered YES to 1)
2. If you snore, your snoring is:

O slightly louder than breathing

O as loud as talking

O louder than talking

O very loud, can be heard in adjacent rooms

3. How often do you snore?
O nearly every day
O 3-4 times a week
O 1-2 times a week
O 1-2 times a month
O never or nearly never

4. Has your snoring ever bothered other people?
O Yes
O No



5. Has anyone told you that you quit breathing during your sleep?

O nearly every day

O 3-4 times a week

O 1-2 times a week

O 1-2 times a month

O never or nearly never

6. | feel tired or fatigued after sleep...
O nearly every day
O 3-4 times a week
O 1-2 times a week
O 1-2 times a month

O never or nearly never

7. During my waking hours, | feel tired, fatigued or not up to par...
O nearly every day
O 3-4 times a week
O 1-2 times a week
O 1-2 times a month

O never or nearly never

8a. | have nodded off or fallen asleep while driving a vehicle...
O Yes
O No
b. If YES, how often does this occur?

O nearly every day



O 3-4 times a week

O 1-2 times a week

O 1-2 times a month

O never or nearly never

9. How many years have you worked at least ONE overnight shift per week?

years
O N/A
(Overnight work is defined as at least 6 hours on duty between 10 PM and 8 AM)

10. How many years have you worked at least THREE overnight shifts per week?
years
O N/A
(Overnight work is defined as at least 6 hours on duty between 10 PM and 8 AM)

11. On average, how much sleep do you get in 24 hours:

hours minutes



